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center conductor has slanted slot ra-
diators provided in its outer conduc-
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between upper and lower @sks of a
radial waveguide radiator contigura-
tion so that horizontal and vertical
components reach the disk circumfer-
ence with a 90 degree phase difteren-
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CIRCULARLY POLARIZED OMNIDIRECTIONAL
ANTENMAS AND METHODS

BACKGROUND OF THE INVENTION

This invention relates to communication antennas and methods and, more
specifically, to antennas and methods suitable for omnididrectional reception and
transmission of circularty polarized signals.

Many forms of antennas capable of omnidirectional operation with circular

10 polarization have previously been described. However, for applications such as
battlefield discrimination between friendly and unfriendly vehicles and other platforms
therg is a need for small, economical and efficient antennas capable of reliably receiving
and transmitting information suitable for platform identification purposes and additional

communication purposes as may be appropriate.

15 Objects of the present invention are, therefore, to provide new and improved
antennas and methods suitable for reception and transmission via onmidirectional
circularly polarized gutenna paticrns.

SUMMARY OF THE INVENTION

20

In accordance with the invention, an embodiment of an antenna providing an
omnidirectional antenna pattern includes a cylindrical structure, which may have the form
of a closed-end coaxial line section, a center conductor, which may be the canter

conductor of the coaxial line section, and upper and lower disk members, which may
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form a radial wavepuide radiator. The cylindrical structure may have a square-pipe
cylindrical side portion including four slanted openings forming slot radiators, one in
each side of the squave-pipe configuration. The upper and lower disk members may
extend in paralle! relation ontward from the ceaxial line section forming the radial
waveguide radiator which is arranged to receive excitation from the coaxial line section,
via the four slot radiators. The radial waveguide radiator may be configured to provide
an omnidirectional right-hand cireularly polarized antenna pattern.

Also in accordance with the invention, a method, for providing an omnidirectional
circularly polarized antenna pattern, may include the steps of:

{a) energizing a closed-end coaxial line section having a center conductor and an
outer conductorn

{h} responsive to step (a), exciting a radiation pattern external to the coaxial lue
section via a plurality of slanted radiator slots in the outer conductor; and

{¢) responsive to step (b) exciting & radial waveguide radiator, formed by upper
and fower disks extending outward tn paraflel relation frons the outer conductor
respectively above and below the radiator slots, to provide an ommnidirectonal circularly
polarized antenna pattern.

in step (¢} of the method, responsive to step {b) horizontal TE mode and vertical
TEM mode components may be excited to arrive at the outer circumference of the upper
and lower disks with a 90 degree phase differential to provide an omnidirectional right

hand circularly polarized antenna pattern.
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For a better understanding of the invention, wogether with other and further
abjects, reference is made to the accompanying deawings and the scope of the invention

will be pointed out in the accompanying claims,

5 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. | is a perspective view of an embodiment of an antenna utilizing the
nvention,
Fig. 215 a top view of the Fig. | antenna.
14 Fig. 3 1s-a side sectional view taken along line 3.3 of Fig. 2.
Figs. 4 and 5 are perspective views of portions of the Fig. | antenna provided as
deseriptive aids.
Fig. 6 is a flow chart diagram of a method wiilizing the mvention.
Fig. 7 presents impedance locus data.
15 Fig. 8 presents gain versus elevation data at both zero degrees azimuth and 45
degree azimuth offsets.
Fig. 9 presents gain versus azimuth data at both zero degrees elevation and 20

degres elevation offsets,

.3
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DESCRIPTION OF THE INVENTION

Fig. 1 is a perspective view, Fig. 2 is a top view and Fig. 3 is a side sectional view
of an antenna 10 in accordance with a presently preferred embodiment of the fuvention
5 vonfigured to provide an ommnidirectional right-hand circularly polarized antenna pattern.
The antenna 10 of Figs. 1, 2 and 3 includes a cylindrical structure 20 with a
vertical center axis 11 and having a cylindrical side portion 22 with upper and fower
closures 24 and 26. Side portion 22 has a plurality of slanted openings 30 and has a
height of nominally one wavelength and a width of nominally one-half wavelength at an
10 operating frequency. As shown, cylindrical side portion 22 has a square cross section

g., a diagonal slot) in each of its four sidey (see also Fig. 4),

&

with a slanted opening 30 {e.
As shown, closures 24 and 26 comprise horizontal conductive surfaces. In other
embaodiments, side portion 22 may be of circular or other suitable cross section.

The antenna also includes g center conductor 40 extending within cylindrical

pemd
s

structure 20 along its center axis. Centerconductor is supported within, but electrically
isolated from, cylindrical structure 20. As represented in Fig. 3, an input/output port 30
is coupled to center conductor 40 via a cable, which may have a coaxial outer conductor
(not shown) coupled to eylindrical structare 20,

The anienna, as illustrated, further includes upper and jower disk members 62 and
20 64 extending in parallel relation outward from side portion 22 of the cylindrical structure
20 respectively above and below the slanted openings 30. While disk members 62 and 64
are itlustrated as having a twelve~sided perimeter, in production this perimeter may

desirably be circylar.
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In use, the antenna may be coupled to a recetver/transmitter configuration, such as
transponder or interrogator/transponder equipment of the type used for IFF {Identification
Friend or Foe) operations. Thus, a given battlefield platform may merely provide a coded
reply to an identification query or may also have the capability to interrogate other
platforms for identification purpeses. (ther communication capabilities may also be
provided utilizing the antenna.

Referring now to Figs, 4.and 5, there are iltustrated portions of the antenna of
Figs. 1, 2 and 3 which are more associated with particular functional aspects of the
operation of the antenna,

Fig. 4 shows the cylindrical structure 20 of the Fig. | antenna, with the disk
members 62 and 64 removed. Cylindrical stroctuve 20 is referred to alternatively as
coaxial line section 20. Thus, structure 20 is constituted as a coaxial line section having a
vertical center conductor 40 (see Fig. 3) and an outer conductor 22, in the form of the
cylindrical side portion as described above. In this embodiment, structure 20 thus has the
form of a square-pipe coaxial line nominally one wavelength in length theight in Fig. 3)
and nominally one-hall wavelength in side-lo-side width, which may be energized via
inputioutput port 50. For present purposes, the term “nominally” is defined as a value
within plug or minus 13 percent of a stated value.

When energized, eylindrical structure 20 excites a radiation pattern external to the
coaxial line seetion (i.e.. external to outer conductor 22) via the stanted openings 30,
referred to alternatively as stot radiators 30, Thus, the slanted openings have the form of
slot radiating elements (slot radiators) inclined at nominally 50 degrees relative to the

center axis and are effective to excite a radiation pattern between the upper and lower
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disk members 62 and 64. In this configuration, the slot radiators 30 may have a length of
nominally 0.4 wavelength at an operating frequency, with a width which is srall relative

(%3 M

to that fength, as illustrated. For present purposes, the term “an operating frequency” is
defined as a frequency within an operating bandwidth of the antenna.

Fig. 5 shows first and second disk members 62 and 64 with the portion of coaxial
line section 20 located between the disk members included. These portions of the
ahtenna, as shown in Fig, 5, are configured gs a radial waveguide radiator. Thus, the disk
members extending in paralle] from the central portion of coaxial line section 20 forma
section of radial waveguide that is excited by the four slanted slot radiators 30, In this
embodiment, disk members 62 and 64 have a vertical spacing from gach other of
nominally 0.8 wavelength and a diameter of nominally 2.8 wavelengths, at an aperating
frequency.

The slot radiators 30 are effective to excite vertical and horizontal field
components in the space between the disk members. The propagation constant for the
vertical component (TEM mode) is near that of free space, while waveguide propagation
{TE mode) is characteristic of the horizontal component. As a result, the horizontal
component advances relative tothe vertical component during propagation toward the
outer-edges of the disks, The cenfiguration of the radial waveguide extending between
the disks, and particularly the radius {(determined by the disk diameter) of that waveguide,
is specified so that the phase of the horizontal component leads that of the vertical
component by 90 degrees at the outer circumference of the radial waveguide {i.e., at the
disk perimeter edge). In this way, the radial waveguide is excited, in response to the

radiation pattern of the slot radiators, to provide an omnidirectional circularly polarized

-y
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antenng pattern and, more particularly, such a pattern of right-hand circular polarization.
While signal transmission terminology may be used for convenience of description, it
will be understood that antenna components operate reciprocatly to provide excitation to
enable received signals to he provided o the input/output port, as well a5 to enable
transmission of signals provided to that port.

Consistent with the foregoing, Fig. 6 provides a diagram of a method for
providing an omnidirectional circularly polarized antenna pattern in accordance with the
invention, including the following steps.

At 72, enerpizing a closed-end coaxial line section 20 having a center conductor
40and an outer conductor 22 including a plurality of slot radiators 30.

At 74, responsive to snergizing the coaxial line section 20, exciting a radiation
pattern external thereto via the slot radiators 30,

At 76, responsive 1o the slot radiator radiation pattern, exciting a radial waveguide
radiator, formed by upper and lower disks 62 and 64 extending outward in parailel
relation from outer conductor 22, to provide an omnidirectional circularly polarized
antenna pattern.

The antenna in this embediment is double tuned. The coaxial cavity provided by
coaxial line section 20 forms one tuned circpit. The Q of this coaxial cavity is controlled
by the impedance level of the coaxial line. The radial waveguide (e.g., as shown in Fig.
) provides a second tuned circuit. The resonant frequency is controlled by the length of
the slots 30, For narrow bandwidth operation {e.g., 36.7 t0 37.0 GHz) double tuning is

not required to achieve suitable impedance matching, Double tuning, however, does
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facilitate centering of the impedance locus. Fig. 7 shows a computed impedance locus
for this embodiment over the above band.

Computed slevation and azimuth antenna patterns are shown in Fig. 8 and 9. As
shown in Fig. 8, this embodiment provided desired coverage over an elevation angle
range from 43 degrees below horizontal to 45 degrees above horizontal, and beyond. As
shown in Fig. 9, this embodiment provided desired coverage omnidirectionally at zero
degrees elevation angle, with slightly lower gain at elevation angles of minus 20 degrees
and plus 20 degrees. The variation of gain with azimuth angle shown in Fig, 9 is related
to characteristics of the four-sided cylindrical side portion 22 and is operationally
acceptable, byt may be smoothed by use of a circular coaxial cavity. For present

purposes, the term “ommidirectional”™ is ased consistent with The New IEEE Standard

Dictionary of Electrical and Flectronics Terms definition: An-anienna having an

essentially nondirectional pattern in a given plane of the antenna and a directional pattern
in any orthogonal plane. Consistent with the description above, antenna gain may be
modified by adjustment of the vertical aperture of the radial waveguide radiator (i.e.,
vertical spacing between disks 62 and 64) while maintaining waveguide characteristics to
provide a 90 degree mode differential at the disk circumference, if a circularly polarized
antenna pattern is desired. For some applications, an elliptically pelarized pattern may be
appropriate, as determined by skilled persons.

By way of example, for a particular design of an antenna of the forni shown in
Fig. 1, for reception and transmission in a 36.7 to 37.0 GHz band, approximate antenna

dimensions were as follows:
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= antenna height: 0.30 inches
s gntenna width: 0.73 inches
e siotlength: .14 inches
e slotangle 40 degrees to horizontal

5 Contained within a very small package, the antenna may additionally include a protective
radome or cover of suitable transmissive properties, for weather and damage protection,
and an antenna mounting arrangement, as may be provided by skilled persons employing
known design technigues.

While there have been deseribed currently preferred embodiments of the
10 invention, those skilled in the art will recognize that other and further modifications may
be made without departing from the invention and it is intended to claim all modifications

and variations as fall within the scope of the invention.
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WHAT IS CLAIMED IS
i, An antenna, providing an omnidirectional circularly polavized antguna
patter, comprising:

a cylindrical structure with a vertical center axis and comprising a
cvlindrical side portion with upper and lower closures, the side portion having a plurality
of slanted openings between said closures;

a center conductor extending within said cylindrical structure along said
genter axis;

upper and lower disk members extending in parallel relation outward from
said side portion respectively above and below said slanted openings; and

an input/output port coupled to satd center conductor.

2. An antenna as in claim 1, wherein said cylindrical side portion is four-
sided with a square cross section and one said slanted opening in each side.
3 An antenng as in claim 1, wherein satd upper and lower closares comptise
horizontal conductive surfaces.

4, An artenna as #n claim 1, wherein said slanted openings ave slot radiators
oriented at nominally 50 degrees relative to said center conductor.

5. An antenna as in claim 1, wherein said upper and lower disk members

form a radial waveguide extending outward from said evlindrical structure.

6. An antenna as in claim 1, wherein said upper and lower disk members
have a vertical spacing from each other of nominally 0.8 wavelength and a diameter of

nominally 2.8 wavelengths, at an operating frequency.

-10-
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7. An antenna as in claim 1, wherein said cylindrical structure has a height of
nominally one wavelength and a width of nominally one-half wavelength, at an operating
frequency.

8. Arvantenna, comprising:

a coaxial line section Including a vertizal center conductor within an outer
conductor having upper and lower closures, the outer conductor including a plarality of
slanted slot radiators spaced between said closures;

upper and lower disk members extending in paralle! relation outward from
said outer conductor respectively above and below said slot radiators; and

an input/output port coupled to said center conductor.

9. An antenna, as in claim 8, wherein said outer conductor has a8 eylindrieal
cross-section and four skanted slot radiators.

10, An antenna as in claim &, wherein said upper and lower closures comprise
horizontal conductive surfaces.

i1 An antenna as in claim 8, wherein said slot radiators ave oriented at
nominally 50 degrees refative to said center conductor,

12, Anantenna asin ¢laim 8, wherein said upper and lower disk members
form a radial waveguide radiator extending outward from said coaxial line section.

13, Anantenna as in claim 8, wherein said coaxial live section has a height of
nominally one wavelength and a width of nominally one-halt wavelength, at an opetating

frequency.

.
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4. Anantenna asinclaim 8, wherein said disk members have a vertical
spacing from each other of nominally 0.8 wavelength and a diameter of nominally 2.8
wavelengths, at an operating frequency.

5.  Asmethed, for providing an omnidirectional circularly polarized antenna
pattern, comprising the steps of:

{a) energizing a closed-end coaxial line section having a center conductor
and an outer conductor;

{b) responsive to step (8), exciting a radjation patiern external to said
coaxial line via a plurality of stanted radiator slots in said outer conductor; and

(¢c) responsive to step (b), exciting a radial waveguide radiator, formed by
upper and lower disks extending outward in pargllel relation from said outer conductor
respectively above and below said radiator slots, to provide an omnidirectional circularly
polarized antenna patiern,

16: A method a8 in claim 13, wherein in step (), résponsive o step (h)
horizontal TE mode and vertical TEM mode components are excited to arrive at the outer
circumference of said disks with g 90 degree phase differential to provide said
omnidirectional circularly polatized antenna pattern.

17. A method as in claim 15, wherein said upper and lower disks each has an
outer circumference with a diameter of nominally 2.8 wavelengths at an operating
frequency to cause horizontal and vertical components within said radial waveguide
radiator when excited in step {¢) to arrive at said outer eircumference of the disks with a

90 degree phase differential.

~12-
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i 18, A method as in claim 15, wherein in step {a) said coaxial line section is

2 energized via an input/output port coupled to said center conduetor,

H 19, A method as in claim 15, wherein step (a) comprises energizing a closed-
2 end transmission line section having a length of nominally one wavelength and a width of
3 nominally one-half wavelength, at an operating frequency.

1 20, A method as in claim 15, wherein step {a) comprises energizing a coaxial

2 line section of square cross section and having one slanted opening in each of its four

3 sides, each.comprising a slot radiator.

-13«
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IMPEDANCE LOCUS, 36.7-37.0 GHz
FIG. 7
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ENERGIZING COAXIAL LINE SECTION
HAVING SLANTED 8IDE 8LOTS

;

THEREBY EXCITING RADIATION PATTERN
EXTERNAL TO COAXIAL LINE VIASLOTS

;

THEREBY EXCITING RADIAL WAVEGUIDE RADIATOR
TO PROVIDE OMNIDIRECTIONAL CIRCULARLY
POLARIZED ANTENNA PATTERN

FIG. 6

72
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